Tetratheca erubescens J. P. Bull (Elaeocarpaceae) is a recently described species ( Bull, 2007 ) endemic to the Koolyanobbing Range (a banded ironstone formation) within the Coolgardie Biogeographic Region of the South West Australian Floristic Region (SWAFR). Tetratheca erubescens inhabits rock crevices containing red sandy loam soils among hill crests, steep slopes, cliffs, and associated rocky monoliths at altitudes of 445-450 m a.s.l., within parts of the range. Although the reproductive biology of the species is unknown, fl ower morphology and presentation are similar to the related banded ironstone endemic T. paynterae Alford, which displays buzz pollination by a suite of small native bee species, high outcrossing, and restricted pollen dispersal ( Butcher et al., 2011 ) . Seed dispersal is likely to be myrmecochorous due to the presence of a large elaiosome on the seed. Due to its isolation, low total number of individuals (ca. 6000 plants), a narrow distribution limited to less than 2 km, its ecological association with steep cliffs and associated rocky slopes that are rare habitat types in the region, and proximity to mining activity, it is listed as a Rare Flora under the Wildlife Conservation Act 1950 (WA) ( Western Australian Minister for Environment, 2013 ). To assess the potential genetic impact of proposed mining activity on T. erubescens , microsatellite markers were developed to characterize genetic diversity and its spatial structure across the species' range.
METHODS AND RESULTS
Genomic DNA was extracted from fresh stem material of a single plant sampled at Koolyanobbing using a modifi ed Carlson's method ( Carlson et al., 1991 ) without the addition of β -mercaptoethanol to the lysis buffer and with the additional steps of potassium acetate following lysis incubation and a 5 M NaCl step followed by ethanol precipitation after the isopropanol precipitation step. Next-generation sequencing was performed on a Personal Genome Machine (PGM) semiconductor sequencer (Life Technologies, Carlsbad, California, USA) at the Lotterywest State Biomedical Facility Genomics Node in Perth, Western Australia. Briefl y, 100 ng of DNA was sheared to approximately 300-400 bp using an S2 sonicator (Covaris, Woburn, Massachusetts, USA), and a single barcoded library was prepared using a NEBNext Ultra DNA Library Prep Kit (New England Biolabs , Ipswich, Massachusetts, USA). Size selection (insert sizes 330-360 bp) was performed by gel excision (E-Gel; Invitrogen/Thermo Fisher Scientifi c, Waltham, Massachusetts, USA), and the libraries were assessed and quantifi ed using a Bioanalyzer 2100 (Agilent Technologies, Santa Clara, California, USA). The library was diluted to 9 pM for template preparation using a OneTouch 2 Template 400 kit (Life Technologies) and enriched. Sequencing was performed on a PGM using 850 fl ows (generating approximately 350-400-bp read lengths) on a 316 sequencing chip. After sequencing, signal processing, base-calling, and quality trimming were performed using the default settings of TorrentSuite 4.0, and library-specifi c FASTQ fi les were also generated. Sequencing resulted in >2.7 million reads, with a modal read length of 331 bp (total data output 647 Mb).
We used the QDD version 3.1 pipeline ( Meglecz et al., 2014 ) to screen the raw sequences, remove redundant sequences, and design primers for >12,000 sequences with PCR product lengths of 80-480 bp. The default parameters of the program were used both for the screening steps and for primer design. The • Premise of the study: Microsatellite markers were developed for the rare Tetratheca erubescens (Elaeocarpaceae) to assess genetic diversity and spatial structuring.
• Methods and Results: We generated ca. 2.7 million sequence reads using a Personal Genome Machine (PGM) semiconductor sequencer. Using the QDD pipeline, we designed primers for >12,000 sequences with PCR product lengths of 80-480 bp. From these, 30 primer pairs were selected and screened using PCR, from which 11 loci were found to be polymorphic and amplifi ed reliably. For a sample of 95 plants from three populations, the number of alleles observed for these 11 loci ranged from two to seven and expected heterozygosity ranged from 0.06 to 0.72. No consistent evidence for null alleles or departure from HardyWeinberg equilibrium was found for any of the 11 loci.
• Conclusions: These markers will enable the quantifi cation of genetic impact of proposed mining activities on the narrow endemic T. erubescens .
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http://www.bioone.org/loi/apps http://www.geneious.com/). Multiple replicate runs were performed to ensure the accuracy of the fi nal data set. Genetic diversity parameters were calculated for three populations using GenAlEx version 6.4 ( Peakall and Smouse, 2006 ) . Departure from Hardy-Weinberg equilibrium (HWE) was assessed for each locus and population by χ 2 tests, and the possibility of null alleles was checked using MICRO-CHECKER version 2.2.3 ( van Oosterhout et al., 2004 ) .
The number of alleles observed for the 11 polymorphic loci ranged from two to seven ( Table 2 ) , and the observed and expected heterozygosities ranged from 0.07 to 0.88 and 0.06 to 0.72, respectively ( Table 2 ) . Across three populations, there was no consistent evidence of null alleles, large allele dropout, scoring error due to stuttering, or departure from HWE for any of the 11 loci.
CONCLUSIONS
The 11 polymorphic microsatellites developed here will enable the characterization of the amount of genetic variation within T. erubescens , as well as the spatial structuring of that genetic variation. This information will enable a direct assessment of the potential genetic impact of removal of T. erubescens plants as a result of proposed mining; this is anticipated to inform the government regulatory process associated with the request to mine. These genetic data will also generate indirect estimates of gene fl ow within the species, from which inferences on seed and pollen dispersal can be made. These markers will also facilitate the direct estimation of mating systems and dispersal, through parentage assignment of seed. Ultimately, these markers will also facilitate the ongoing genetic monitoring of impacts on remaining plants from proposed mining activities. Stingemore et al. (2013) suggested that optimizing microsatellite markers following next-generation sequencing was time consuming; we found that with the assistance of realtime PCR and Precision Melt Analysis software the optimization of all loci was time and cost effi cient. resultant sequences were fi ltered to ensure that the primer was not overlapping the repeat sequence, there were no poly(A) or poly(T) runs for more than 7 bp within the sequence, and there was only one repeat motif between the primers. Because there were so many sequences containing microsatellites, we employed the suggestions of Meglecz as identifi ed on the QDD website (http://net .imbe.fr/~emeglecz/qdd.html#choice) to choose primers from the primer table.
Thirty primer pairs were selected for initial screening using a CFX96 Touch Real-Time PCR Detection System (Bio-Rad Laboratories, Hercules, California, USA); in addition, 20 primer pairs previously developed for T. paynterae subsp. paynterae ( Butcher and Krauss, 2009 ) were included in the screening. Amplifi cation was performed using 5 μ L SsoAdvanced SYBR Green Supermix (Bio-Rad Laboratories), 0.3 μ M each forward and reverse primers, and 5-10 ng genomic DNA in a 10-μ L reaction volume. Initial screening included reliable amplifi cation of a single sample across a range of temperatures to determine the most appropriate annealing temperature, followed by evidence of polymorphism using the best temperature and eight samples from different populations across the range using precision melt cycles. The results were analyzed using Precision Melt Analysis software (Bio-Rad Laboratories). Next, fl uorescently labeled primers were ordered to further test the optimal conditions for polymorphic loci on the ABI 3500 sequencer (Life Technologies). Subsequently, 13 primer pairs were selected to complete the study ( Table 1 ) . The remaining 17 loci did not amplify reliably.
For amplifi cation of microsatellite loci, 10-20 ng of genomic DNA extracted from a minimum of 30 plants from each of three populations of T. erubescens was amplifi ed by PCR with 2 μ L 5 × polymerase buffer containing dNTPs (Fisher Biotec, Wembley, Western Australia, Australia), 2 mM MgCl 2 , 0.16 μ M each reverse and fl uorescently labeled forward primers (6-FAM, HEX, PET, and NED), and 0.5 units Taq polymerase (Fisher Biotec) in a 10-μ L reaction volume. PCR was performed on a Veriti thermocycler (Life Sciences) using two amplifi cation cycles: (1) an initial 2 min of denaturation at 94 ° C followed by 35 cycles of denaturation (94 ° C, 30 s), annealing (58 ° C, 30 s), and extension (72 ° C, 30 s), with a fi nal extension of 30 min at 72 ° C (loci Te15, Te21, Te29, Te30); or (2) an initial 2 min of denaturation at 95 ° C followed by 35 cycles of denaturation (94 ° C, 30 s), annealing (58 ° C, 40 s), and extension (72 ° C, 30 s), with a fi nal extension of 30 min at 72 ° C (loci Te10, Te23, Te25, TpB4, TpB11, TpC130, TpC131). PCR products were separated by capillary electrophoresis using an ABI 3500 Genetic Analyzer (Life Technologies), and allele sizes were determined using Geneious version 7.1 (Biomatters, ( Butcher and Krauss, 2009 ); these were included to increase the number of polymorphic microsatellites.
